Salt Lake City, Utah) (Submitted for publication July 10, 1950 ; accepted, August 16, 1950) The anemia of infection is associated with a number of alterations in iron metabolism. Previous studies (1) (2) (3) (4) have shown that, with the development of inflammation, hypoferremia occurs and a decrease takes place in the concentration of the metal binding protein in the plasma. When iron is given by mouth, there is little change in the level of plasma iron and, following the intravenous injection of iron, only a transient rise in the plasma iron develops. These findings have suggested that diversion of iron from the plasma takes place in inflammation and infection. Studies in experimental animals have shown that iron is diverted primarily to the liver and spleen. Whether this iron is simply stored, since less can be used in the face of diminished hemoglobin production, or performs a special function in connection with the presence of inflammation, is unknown.
These findings contrast with those associated with iron deficiency anemia where, although hypoferremia is present, there is a considerable increase in the concentration of metal binding protein in the plasma. In iron deficiency anemia the oral or intravenous administration of iron results in increased hemoglobin production. If the amounts given are adequate, this is followed ultimately by a return of the plasma iron and the quantity of metal binding protein to normal.
That reduced iron intake is not the limiting factor in the anemia associated with infection was suggested by the fact that the intravenous administration of relatively large amounts of iron failed to relieve it (1) (2) (3) (4) (5) (6) (7) (8) . A defect in these studies, as carried out in human subjects, however, was that the administration of preparations such as iron ascorbate (10 to 300 mg.) was attended by local and systemic reactions and consequently the amounts of iron given were not as great as might have been desired.
The recent development (9) of a comparatively non-toxic intravenous iron preparation, saccharated oxide of iron (Ferrivenin) , which is effective clinically in iron deficiency states (10) (13) . Fourteen patients with the anemia or hypoferremia of infection were treated. Patients with chronic rheumatoid arthritis were included in this category since the chemical pattern of serum iron and iron binding capacity in this disorder is similar to that found in infections (Table I) . Adequate follow-up data were obtained in ten patients. These are presented in Table II . The remainder could not be studied further, either due to death (two patients), or operation followed by multiple transfusions and subsidence of infection (two patients).
RESULTS
Reactions following the administration of Ferrivenin were moderately frequent, particularly with the larger doses, and varied from local thrombophlebitis to a general shock-like reaction (Table  III) . The latter was observed in two patients creases amounting to 1,500 to 3,700 jug. per cent as measured immediately following the two hour period of infusion. Where single 1 gm. quantities were given in the presence of persistent infection, the previously low serum iron levels were restored three to five days after iron administration. In comparable instances where 0.1 gm. quantities were given, the return to low serum iron levels was considerably more rapid, and took place in less than 24 hours.
The rate of disappearance of iron from the serum was studied in a normal individual and compared with the rate of disappearance of iron from the serum of a patient with chronic empyema. Both patients were given 0.010, 0.10 and 1.0 gm. of iron intravenously on successive days. There was a noteworthy tendency in the normal individual to reach higher post-injection serum iron levels than in the patient with empyemh. In both cases there was an early tendency to return to pre-existing values. In the normal subject (H. C.) normal values from serum iron were restored and in the patient with chronic empyema (G. Y.) the previous subnormal levels were attained in a comparable period of time.
On the other hand, correction of hypoferremia in the iron deficient patients took place within a few days following the initiation of therapy, and the normal serum iron level was maintained in those instances where sufficient iron was given to make up for the calculated deficit ( Figure 6) . In one such case where the total calculated amount was not given (Figure 7) , the patient experienced a good reticulocyte response, and the rise in hemoglobin was maintained, but the serum iron level in subsequent weeks fell to the previous low levels.
Of note is the fact that one treated patient (W. D.) who initially had chronic osteomyelitis of the foot which was associated with anemia and hypoferremia, later had the affected member amputated. Shorty after operation, the serum iron values rose to normal and were so maintained until several months later when the patient returned because of multiple bone fractures, at which time he again exhibited anemia and hypoferremia.
('%) The reticulocyte response to the intravenous injection of iron was slight in degree (Figures 1-5 ). This was in marked contrast to the findings in iron deficient patients with comparable initial hemoglobin levels who exhibited a prompt and sustained reticulocytosis (Figures 1, 6 , and 7) which, incidentally, was greater in degree than the expected levels following oral administration of iron (14) .
In two patients with chronic infection, an increase in reticulocytes to 7.0 per cent and 11.6 per cent, respectively, was observed. In the first case (P. L.) there was at the same time actual clinical improvement, subsidence of the infection subsequent to antibiotic therapy, and a rise in serum iron levels during the course of iron therapy. In the second patient (G. D.) the baseline values were increased somewhat above normal, and subsequent values were all rather high; a source of bleeding was suspected in addition to the infection (empyema) although none was ever demonstrated. That he was anemic as the result of his infection was suggested by the low iron binding capacity (4) .
A detailed comparison of individual hemoglobin responses following intravenous iron therapy is presented in Table II average daily rise in hemoglobin following therapy was calculated only for the initial 30 day period, during which time the clinical status in most instances remained relatively constant. On this basis, the average mean daily hemoglobin rise in the group studied was 0.035 gm. per cent with extremes of 0 and 0.087 gm. per cent (Table II) . On the other hand, in treated iron deficient patients in our own limited series and in those of other investigators (10, 15) daily responses ranged from 0.14 to 0.27 gm. per cent.
Comparison of the initial average hemoglobin values with those obtained 30 days after the initiation of therapy, demonstrated a negligible increase in the group with infection, whereas an average increase of 5 gm. per cent occurred in the patients with iron deficiency. Unfortunately the figures are not strictly comparable due to the higher initial hemoglobin values in the former series. However, a comparison between individual patients with similar initial levels in each group (Figures 3, 4, and 6 ) yields confirmatory findings. Figure 8 of clinical improvement on antibiotic therapy and a rise in hemoglobin levels during the course of iron therapy. Two other patients (J. F., G. D.) showed somewhat similar, but not as great, improvement following iron therapy (see Table II ).
In attempts to demonstrate possible loss of iron given intravenously to patients with the anemia of infection, the urinary excretion of iron was measured before, during and after the period of iron administration. The results in three patients are presented in Figures 9, 10 and 11 and in Table IV . These indicate that the urinary excretion of iron during the periods of study was of small magnitude in comparison with the total amounts administered. The total excretion ranged from 1.5 to 7.0 per cent of the iron given. The increased urinary excretion of iron lasted a relatively short period of time following the administration of Ferrivenin, and the return to normal baseline values was prompt in all cases. Urinary iron excretion was studied in one treated patient with an iron deficiency anemia. Excretion in this patient totalled 0.8 per cent during the period of iron therapy.
In one treated patient with chronic empyema and anemia, attempts were made to determine whether the administered iron was diverted to the infection site. The patient (G. Y.) had a chronic draining pulmonary fistula, and periodic collections of purulent material were made both before and after the intravenous administration of iron. Iron analyses were made on each sample. These showed similar values on both pre-and posttreatment specimens up to a period eight days following the administration of 0.3 gm. of iron. The amount of iron present in a 1 ml. pre-treatment specimen was found to be 18 pg. per cent whereas the amount present in a similar specimen eight days after treatment was 13 pg. per cent. The patient showed no hematological response. In two cases it was possible to estimate at autopsy the amount of iron diverted to the liver and spleen by comparison with autopsy specimens obtained from a patient who had not received iron previously. Iron analyses were made on unperfused samples. The results are presented in Table V . If it can be assumed that the iron was evenly distributed in the liver and in the spleen, it would appear that the liver and spleen iron was significantly increased in the iron treated subjects, in comparison with the liver and spleen iron of the untreated patient. It is of interest that in one patient (L. S.) a quantity of iron was present in the liver and spleen which was equivalent to 46 per cent of the injected iron, and in the other patient (C. F.) the concentration in these organs was equivalent to 88 per cent of the amount injected.
DISCUSSION
From these experiments it appears that neither the hypoferremia nor the anemia of infection is appreciably influenced by the intravenous administration of massive doses of iron. Although the serum iron rose considerably above normal values immediately following the intravenous infusion of iron, the level returned rather promptly to the original subnormal values in all patients in whom the infection persisted. The increases in reticulocytes and hemoglobin which followed such therapy were not great and were in no way comparable to the increases which occurred in iron deficient subjects. Although most patients who were studied for three to four months after therapy showed slightly improved hemoglobin levels, it is difficult to state whether this increase was due to the iron given or to gradual spontaneous clinical improvement.
The studies of others on the use of iron intravenously in the treatment of anemia associated with infection have yielded somewhat conflicting results. Slack and Wilkinson (10) treated two patients with spinal caries and rheumatoid arthritis and demonstrated a relative refractoriness to the intravenous administration of a large dose of iron. Hemoglobin responses occurred in both patients, but only in the course of a long follow-up pe-riod. On the other hand, Sinclair and Duthie (16) reported good hemoglobin responses in 16 of 23 similarly treated patients with rheumatoid arthritis. However, as there was a general inverse relationship between the curves of hemoglobin response and those of the sedimentation rate, one cannot exclude the role in hemoglobin production of clinical improvement unrelated to the administration of iron.
That the hypoferremia persisted after the administration of such large doses of iron as were given in this study is surprising and would seem to indicate that whatever the mechanism is for maintaining a low level of iron in the plasma, it is extremely powerful and cannot be easily overcome. The limited studies reported here indicate that excretion via the urine or accumulation of iron in pus does not account for the iron administered, although admittedly the failure to demonstrate an increase in the iron content of the empyema fluid of only one patient does not rule out the latter possibility. Indeed, experiments by Menkin (17, 18) in the rabbit have indicated that iron accumulates in the inflamed area where, it is postulated, a beneficial function may be served. Our own studies in experimental animals (19) , however, would suggest that the amount of iron so diverted is by no means adequate to account for the hypoferremia.
The results of iron analyses of the unperfused liver and spleen of two iron treated patients who subsequently died as a result of their infections indicate that an amount equivalent to 46 to 88 per cent of the injected iron was found in these organs. These results confirm our earlier observation in dogs (19) .
The reason for the diversion of iron from the plasma to the liver and spleen in the presence of infection is obscure. Decreased hemoglobin production does not explain the hypoferremia since in such conditions as pernicious anemia, aplastic anemia and Mediterranean anemia, hyperferremia rather than hypoferremia is usually present. Whether or not the iron is simply stored in the organs or whether it serves a special function there for which there is an increased need during infection such as in oxidation-reduction reactions, in the immune mechanism or in the production of a vasodepressor material (20) is not known. It can, however, be stated that the anemia is not the consequence of these alterations in iron metabolism since it is not alleviated by large doses of this element. The anemia must be the result of some other mechanism. SUMMARY 1. The effects of massive amounts (1.0 to 2.2 gm.) of intravenously administered saccharated oxide of iron (Ferrivenin) were observed in 14 patients with various types of infection who manifested hypoferremia and, in all but one, anemia.
2. Despite the large doses given and an elevation of serum iron immediately following treatment, in no instance where the associated illness persisted following therapy was-the hypoferremia permanently corrected.
3. In no case was there a reticulocytosis or hemoglobin rise comparable to that obtained in patients with iron deficiency anemia. The average mean daily hemoglobin rise in 30 days following treatment was 0.035 gm. per cent with extremes of 0 and 0.087 gm. per cent, as compared with an average of 0.20 gm. per cent, with a range of 0.14 to 0.27 gm. per cent in cases of iron deficiency anemia.
4. Studies on urinary iron excretion in three treated patients with infection indicated that from 1.5 to 7.0 per cent of the iron given was excreted by this route. The excretion in one iron deficient patient represented only 0.8 per cent of the total amount given.
5. Iron analysis of purulent exudate in one treated patient with a chronic draining empyema showed no significant difference in iron content before and after the intravenous administration of 0.3 gm. of iron.
6. Iron analysis of viscera obtained from two treated patients who subsequently died showed that an amount corresponding to 46 to 88 per cent of the administered iron was recoverable in the liver and spleen.
7. The results indicate that the anemia and hypoferremia of infection are not appreciably influenced by the intravenous administration of large quantities of iron.
